M3/6 dissociates from JNK and appears in an cells (Figure 1d ). Thus, the extent to which M3/6 becomes insoluble fraction after heat shock. These data insoluble after heat shock depends on cell context, possiidentify M3/6 as a JNK phosphatase that is bly due to cell-specific patterns of chaperone expression, inactivated by heat shock and provide a molecular though other explanations are possible.
. Here we report that came only partially insoluble after heat shock in ND7
M3/6 dissociates from JNK and appears in an cells ( Figure 1d ). Thus, the extent to which M3/6 becomes insoluble fraction after heat shock. These data insoluble after heat shock depends on cell context, possiidentify M3/6 as a JNK phosphatase that is bly due to cell-specific patterns of chaperone expression, inactivated by heat shock and provide a molecular though other explanations are possible.
mechanism for the activation of JNK by heat shock. Johnson et al. [10] found that M3/6 migrated more slowly 1c and 1d (and see also Figure 3b ) that after heat shock
Correspondence: Gordon R. Perkins a portion of M3/6 migrated more slowly, suggesting that E-mail: g.perkins@ucl.ac.uk M3/6 was phosphorylated in these experiments. However, the decreased mobility of M3/6 could be prevented by the kinase inhibitor staurosporin, which had no effect on the insolubility of M3/6 (data not shown).
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M3/6 is inactivated by heat shock
To measure the activity of M3/6, we assessed its ability JNK in response to osmotic stress. Therefore, M3/6 is the major JNK phosphatase in BAF3-M3/6 cells. Figure 2a also shows that M3/6 did not block the accumulation of phosphorylated JNK in response to heat shock, suggesting
Results and discussion
that M3/6 is inactivated by heat shock.
M3/6 becomes insoluble after heat shock
We examined the behavior of the JNK phosphatase M3/6 after heat shock of BAF3-M3/6 cells, which are mouse We then used the kinase inhibitor staurosporin to block JNK phosphorylation after an activating stimulus, and we bone marrow-derived cells engineered to express M3/6 [9] . Figure 1a shows that, in normally growing cells, M3/6 measured JNK phosphatase activity by following the rate of JNK dephosphorylation. This assay was used to demonwas soluble in buffer containing 1% NP-40. However, after cell culture at 45ЊC, M3/6 rapidly disappeared from strate that JNK phosphatase activity in H9c2 cells is inhibited by protein-damaging stresses [6] . Figure 2b shows the soluble fraction and appeared in a pellet from which it could be recovered by sonication in 2% SDS. This that JNK phosphatase activity in BAF3-M3/6 cells was inhibited after heat shock. Since M3/6 is the major JNK behavior of M3/6 was unlike the behavior of most cellular M3/6 becomes insoluble after heat shock. (a) BAF3-M3/6 cells were cultured at 45ЊC for the times indicated, and extract was prepared in buffer containing 1% NP-40 as the detergent. Extracts were centrifuged at 14,000 ϫ g, and the supernatant was removed (S). Pellets (P) were resuspended in an equivalent volume of buffer containing 2% SDS and boiled. The presence of M3/6 and JNK in the soluble (S) and insoluble (P) pellet fractions was determined. Total protein was stained with Ponceau S. (b) BAF3-M3/6 cells were cultured in 0.175 M NaCl for 15 min, and the solubility of M3/6 was determined as above. ND7 cells were (c) left untreated or (d) transiently transfected with plasmid-expressing M3/6, and then they were cultured at 45ЊC (45) or 37ЊC (37) for 15 min as indicated. Transfected M3/6 was detected by using unpurified anti-M3/6 antibody, while endogenous M3/6 was detected by using semipurified anti-M3/6 antibody as described in Materials and methods (see Supplementary material). Induction of a heat shock response protects M3/6. (a) BAF3-M3/6 cells were cultured at 43ЊC for 30 min (conditioned) and then allowed to recover at 37ЊC for 7 hr. Extracts were prepared and examined for the presence of Hsp72. (b) BAF3-M3/6 cells were untreated or treated as in (a); they were conditioned to induce a heat shock response then untreated (Ϫ) or cultured at 43ЊC for 15 min (ϩ). Extracts were prepared and the presence of M3/6 in the soluble (S) and insoluble (P) fraction was determined.
phosphatase activity in these cells, it follows that the phosphatase activity of M3/6 is inhibited by heat shock. In BAF3 cells, JNK phosphatase activity was inhibited after heat shock but not after osmotic shock (Figure 2b ). Therefore, like H9c2 cells, BAF3 cells contain an unidentified phosphatase that is inhibited by heat shock. Heat shock also resulted in the partial inhibition of JNK phos- 
from JNK and M3/6 insolubility
Extracts were prepared, M3/6 was immunoprecipitated, and the
The JNK phosphatase activity of H9c2 cells could be precipitates were examined for the presence of M3/6 and JNK.
protected from inactivation by the prior induction of a heat shock response [6] . Since a function of the heat shock proteins induced during a heat shock response is to block the aggregation of proteins induced by a second heat conditioning regime failed to increase the solubility of M3/6 after a second heat shock. Thus, a heat shock reshock, we examined whether a heat shock response would block M3/6 from becoming insoluble. To induce a heat sponse can protect M3/6 activity in BAF3 cells, as it can protect an endogenous phosphatase in H9c2 cells [6] . shock response, BAF3-M3/6 cells were cultured at 43ЊC for 30 min, then cultured at 37ЊC for 7 hr. Figure 3a shows
However, it remains to be determined whether endogenous M3/6 protein is also regulated by heat shock proteins. that this regime resulted in induction of the chaperone Hsp72. Figure 3b shows that heat shock no longer caused Expression of Hsp72 or an Hsp72 deletion mutant lacking the ATPase domain with M3/6 in 293T cells blocked M3/6 to become insoluble in the cells cultured at 43ЊC 7 hr earlier (conditioned). The conditioned cells also failed insolubility of M3/6 in response to heat shock (data not shown). Overexpression of Hsp72, Hsc70, or an Hsp72 to activate JNK in response to heat shock (Figure 3b) . In contrast to these results, exposure of ND7 cells to a deletion mutant lacking the ATPase domain has pre-viously been reported to block JNK activation [11, 12] the protein-damaging agents menadione and ethanol both inhibit the H9c2 phosphatase activity [6] , and both these and JNK phosphatase inactivation [6, 13] after heat shock.
agents also cause partial insolubility of M3/6 in BAF3 cells ( Figure S1a , Supplementary material) We also examined whether heat shock influences the interaction of M3/6 with JNK, as dual specificity phosphatases are often found in a complex with their substrate Activation of JNK by protein-damaging stress is important [14] . Figure 4a shows that JNK immunoprecipitates with for a number of pathological processes, including ischemia M3/6 from BAF3-M3/6 cells, demonstrating that M3/6 and reperfusion injury associated with cardiovascular disforms a complex with JNK. However, after BAF3-M3/6 eases [19] . Hsp72 inhibits JNK activation in stress [11] cells were heat shocked for 2.5 min, immunoprecipitates by enhancing JNK phosphatase activity [6] . It has been of M3/6 contained considerably lower levels of JNK (Fig- proposed that this is how Hsp72 protects H9c2 cells from ure 4a). In contrast, exposure of BAF3-M3/6 cells to osapoptosis induced by transient energy deprivation [13] ; motic shock did not result in the dissociation of M3/6 however, Hsp72 may also block later steps in the apoptotic from JNK (Figure 4b ). Prior induction of a heat shock pathway [20] . Our data demonstrate that the JNK phosresponse prevented the dissociation of M3/6 from JNK phatase M3/6 is inactivated by protein-damaging stresses after heat shock (Figure 4c ). These data demonstrate that and that this inactivation is prevented by a prior heat heat shock causes the dissociation of M3/6 from JNK shock response. Regulation of M3/6 is therefore one before M3/6 becomes insoluble and suggest that chapermechanism by which protein-damaging stress and cell ones may act to maintain M3/6 in a complex with JNK.
chaperones can regulate JNK activity. Indeed, coimmunoprecipitation of JNK and Hsp72 has been reported [15] ; however, we could not demonstrate 
